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(57) ABSTRACT 

A horizontal multi-joint industrial robot has three arms of 
first, Second and third arms which are Sequentially attached 
from a base member, and has a robot hand which is 
connected to an distal end portion of the third arm. In this 
composition, there are two States of folding directions of arm 
joints with respect to a robot hand movement. When the 
robot hand moves in a forward direction, rotational move 
ment of the arms is controlled So as to Select one of the 
folding directions Such that an angle between a robot hand 
direction and the third arm maintains 90 or more. This 
allows a distal end portion of the Second arm to always 
position behind a distal end portion of the third arm with 
respect to the robot hand forward direction, which makes it 
possible to decrease a robot arm movable area that makes no 
contribution toward conveying a workpiece, thereby Saving 
Space for installing the robot. 

1 Claim, 12 Drawing Sheets 
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HORIZONTAL MULTI-JOINT INDUSTRIAL 
ROBOT AND A CONTROL METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

This invention relates generally to a three-degree-of 
freedom and three-arm industrial robot of a horizontal 
multi-joint type, and particularly to an art of Saving Space for 
installing the robot. 

Conventionally, there has been known an industrial robot 
wherein first, Second and third arms are Sequentially 
attached from a base, a robot hand for conveying a work 
piece is linked to a distal end portion of the third arm, and 
arms and robot hand are rotated by rotational driving force. 
Although this robot is assumed to fold its joints into two 
different directions with respect to one movement position, 
the conventional robot is composed Such that the joints 
always fold in one same direction. 

However, the above-mentioned conventional control 
method of folding the joints has a problem that, when the 
robot is composed Such that joints always fold in one same 
direction, a distal end portion of the Second arm extends 
beyond the distal end portion of the third arm with respect 
to a forward direction of a workpiece in Some position. In 
Such a position, the distal end portion of the Second arm is 
to obstruct the workpiece conveying, which increases a 
movable area that makes no contribution toward conveying 
the workpiece, So that Space for installing the robot becomes 
larger. 

SUMMARY OF THE INVENTION 

This invention is made to Solve the above-mentioned 
problems. The first object of the present invention is to 
provide a horizontal multi-joint industrial robot wherein a 
movement area that makes no contribution toward convey 
ing a workpiece, is minimized by controlling folding direc 
tions of robot joints, thereby Saving space for installing the 
robot, and provide a control method thereof. 

In order to achieve the above-mentioned object, according 
to one aspect of the present invention, there is provided a 
horizontal multi-joint industrial robot in which at least three 
arms of first, Second and third arms are Sequentially attached 
from a base member, a robot hand is connected to a distal 
end portion of Said third arm, Said arms and robot hand are 
driven to rotate by driving force transmitted from a rota 
tional driving Source: wherein there are two States of folding 
directions of arm joints between a robot rotational center and 
a distal end portion of a robot hand with respect to a 
movement position of the robot hand, and wherein the robot 
comprises a control means which, when the robot hand 
moves in a forward direction, controls rotational motions of 
the arms So as to Select one of Said folding directions Such 
that an angle between a robot hand direction and the third 
arm becomes 90 or more. 

In the above-mentioned composition, owing to the folding 
directions of the robot joints, the distal end portion of the 
Second arms is always positioned behind the distal end 
portion of the third arm with respect to the forward direction 
of the robot hand. This makes it possible to decrease a robot 
arm movable area that makes no contribution toward con 
veying a workpiece. 
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2 
Further, in the above-mentioned horizontal multi-joint 

industrial robot, the control means controls So as to change 
over the folding direction of the robot joints between both 
SideS as a boundary line passing through the arm rotational 
center in parallel to the robot hand forward direction. 

Furthermore, in the above-mentioned horizontal multi 
joint industrial robot, Said first and third arms are approxi 
mately equal in length, always parallel, and connected So as 
to rotate in a same direction, and wherein the first and Second 
arms 2 and 3 are at a ratio of 1:2 in length. 
According to another aspect of the present invention, 

there is provided a control method of a horizontal multi-joint 
industrial robot in which at least three arms of first, second 
and third arms are Sequentially attached from a base 
member, a robot hand is connected to an distal end portion 
of Said third arm, Said arms and robot hand are driven to 
rotate by driving force transmitted from a rotational driving 
Source: wherein there are two States of folding directions of 
arm joints between a robot rotational center and a distal end 
portion of a robot hand with respect to a movement position 
of the robot hand, and wherein, when the robot hand moves 
in a forward direction, rotational movement of the arms is 
controlled So as to Select one of the folding directions Such 
that an angle between a robot hand direction and the third 
arm becomes 90 or more. 
The above-mentioned control method controls so as to 

change over the folding direction of the robot joints between 
both Sides as a boundary line passing through the arm 
rotational center in parallel to the robot hand forward 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an external view of a horizontal multi-joint 
industrial robot according to one embodiment of the present 
invention. 

FIG. 2 is a sectional view of said robot. 

FIG. 3 is a plan view showing arm movements in Said 
robot. 

FIG. 4 is view showing joint folding directions of said 
robot in four positions for conveying a wafer. 

FIGS. 5(a) and 5(b) are views of arm rotation areas and 
Space for installing Said robot, giving a comparison by 
respectively showing a case of controlling folding directions 
of robot's joints and a case of not controlling them. 

FIG. 6 is a view showing a minimum rotational area of a 
two-arm robot according to one embodiment of the present 
invention. 

FIG. 7 is a view showing an example of conveying a 
wafer in said two-arm robot. 

FIGS. 8(a) and 8(b) are views showing minimum rota 
tional areas in a three-arm robot according to one embodi 
ment of the present invention. 

FIG. 9 is a view showing an example of conveying a 
wafer in said three-arm robot. 

FIG. 10 is an explanatory view in a case of not controlling 
joints of Said three-arm robot according to a conventional 

C. 

FIG. 11 is an explanatory view in a case of controlling the 
joints of Said three-arm robot. 
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FIG. 12 is a view explaining folding directions of the 
robot joints. 

FIG. 13 is a view showing a minimum movement area in 
the case of controlling the folding directions of the robot 
joints, 

FIG. 14 is a view showing a conveying method in the case 
of controlling the folding directions of the robot joints. 

FIG. 15 is a view showing a conventional conveying 
method in the case of not controlling the folding directions 
of the robot joints. 

FIG. 16 is a view showing a method of conveying a wafer 
according to one embodiment of the present invention. 

FIG. 17 is a view showing a method of conveying a wafer 
according to a conventional manner. 

FIG. 18 is a view showing movement of conveying a 
wafer in the case of controlling the folding directions of the 
robot joints according to one embodiment of the present 
invention. 

FIGS. 19(a) through 19(f) are views explaining detailed 
movements shown by FIG. 18. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE PRESENT 

INVENTION 

Now, a horizontal multi-joint industrial robot that is used 
for conveying a wafer in a Semi-conductor manufacturing 
factory, and a control method thereof according to one 
embodiment of the present invention will be explained with 
reference to the drawings. FIG. 1 is an external view of the 
horizontal multi-joint industrial robot according to one 
embodiment of the present invention. FIG. 2 is a sectional 
view of said robot. The robot of the present embodiment, 
which is formed in a three-degree-of-freedom and three-arm 
construction, has an arm Structure wherein three arms of 
first, Second and third arms 2, 3 and 4 are pivotally Sequen 
tially attached from a base 1 of a Stationary Side that is 
equipped with a rotational driving means for rotating each of 
arms, and the arm 4 is connected with a robot hand 5 for 
holding a wafer W. The base 1 includes rotation driving 
means: an arm extension motor 6 for rotating the Second arm 
3 and giving an extending motion to it, a robot hand rotation 
motor 7 for rotating the robot hand 5, and an arm rotation 
motor 8 for rotating the first and second arms 2 and 3. 
AS to the first arm2, rotational driving force from the arm 

rotation motor 8 is transmitted through a pulley 32 fixed on 
an axis of said motor 8 and through a belt 33 to the first arm 
2 fixed on a pulley 34, thereby rotating the first arm 2. Said 
rotational driving force is transmitted through a Stationary 
axis 35 fixed on the first arm 2 and through a pulley 36 fixed 
on said axis, and a belt 37 to the third arm 4 fixed on a pulley 
38 diameter of which has a ratio of 1:1 to that of the pulley 
36, thereby rotating the third arm 4. Accordingly, Since the 
third arm 4 is connected to the first arm 2 at a ratio of 1:1, 
the third and first arms 4 and 2 always rotate in a same 
direction, and maintain a parallel State to each other. The first 
and third arms 2 and 4 are approximately equal in length. 
AS to the Second arm 3, rotational driving force from the 

arm extension motor 6 is transmitted through a pulley 9 fixed 
on an axis of said motor 6, and through a belt 10 to pulleys 
11 and 13 fixed on a rotational axis 12, and then transmitted 
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4 
through the pulley 13 and belt 14 to the second arm 3 fixed 
on the pulley 15, thereby rotating the second arm 3. The first 
and Second arms 2 and 3 are at a ratio of 1:2 in length. 
As to the robot hand 5, rotational driving force from the 

robot hand rotation motor 7 is transmitted through a pulley 
16 fixed on an axis of said motor 7, and through a belt 17 to 
pulleys 18 and 20 fixed on a rotational drum 19. Said pulley 
20 transmits driving force through a belt 21 to pulleys 22 and 
24 fixed on a rotational drum 23. Further, the pulley 24 
transmits the driving force through a belt 25 to pulleys 26 
and 28 fixed on the rotational axis 27. Then, the pulley 28 
transmits the driving force through the belt 29 to a rotational 
axis 31 fixed on the pulley 30, and to a robot hand fixing said 
axis. This rotates the robot hand 5. 
A plan View of arm movements in the above-composed 

robot is shown in FIG. 3. Joints of the robot can fold in two 
directions: a Solid line State (2, 3 and 4), and a phantom line 
State (2',3' and 4) with respect to one moving position. In 
the figure, a reference A represents a rotational center of the 
arms (hereinafter, referred to as robot rotational center), B a 
distal end portion of the third arm, and C a distal end portion 
of the Second arm. In the arm State of the phantom line, the 
distal end portion of the second arm 3' is further forward 
than that of the third arm 4' by D, so that the distal end 
portion of the Second arm 3' may obstruct other members, 
and a wafer cannot be conveyed in this position. 
Consequently, it is needed to control the arms So as to be 
always in the Solid line State with respect to the wafer 
conveying direction. For this purpose, as later described in 
detail, when the robot hand 5 moves straight in a forward 
direction (shown by an arrow), the joints folding are con 
trolled such that an angle between said direction of the robot 
hand 5 and the third arm 4 always maintains 90 or more. 

FIG. 4 shows folding directions of the joints in four 
positions for conveying a wafer. In the figure, in order to 
convey the wafer W in indicated forward directions shown 
by arrows in each of E, F, G and H areas, the arm rotation 
is controlled such that the joints fold in directions shown in 
the figure. 

FIGS. 5(a) and 5(b) are views indicating a comparison of 
robot arm rotation areas, and installation Spaces between a 
case of controlling folding directions of the joints and a case 
of not controlling it respectively. In the case of not control 
ling the folding direction of the joints, in order to always 
make the angle between the robot hand direction and third 
arm 4 maintain 90 or more such that the distal end portion 
of the second arm 3 may not extend beyond the distal end 
portion of the third arm 4 when the robot hand 5 moves in 
a Straight line, the robot installation Space has to Secure a 
width Lb shown in FIG. 5(b) that is approximately two times 
as the length of the second arm 3. (Notes: the first arm2 and 
third arm 4 maintain a parallel state to each other) AS 
compared with it, in the case of controlling the folding 
direction of the joints, the robot installation Space only needs 
a width La shown in FIG. 5(a) that is approximately two 
times as the length of the first arm 2, So that, Since a ratio of 
the first arm 2 to the second arm 3 is about 1:2, the robot 
installation space is about half. The folding direction of the 
joints is controlled by controlling motors 6, 7 and 8 through 
a control unit which is not shown in the figure. 

Hereinafter, the explanation is given to a comparison 
between a two-arm robot and a three-arm robot. FIGS. 6 and 
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7 Show examples of a minimum rotation area and wafer 
conveyance in the two-arm robot respectively. FIGS. 8(a), 
8(b) and 9 show examples of minimum rotation area and 
wafer conveyance in the three-arm robot. In the two-arm 
robot, the length of the first arm 2 is the minimum rotation 
radius. In the three-arm robot, if a sum length (l=11+12) of 
the hand 5 and wafer W is longer than a length (L/2) of the 
first arm 2, R determined by expressions indicated in FIG. 
8(b), is the minimum rotation radius, which becomes smaller 
than that of the two-arm robot. When this feature is 
employed for conveying a wafer from E-point to H-point as 
shown in FIGS. 7 and 9, the arm movable area shown by a 
dashed-line rectangle becomes Smaller in an area L20 of the 
three-arm robot (FIG. 9) than in an area L10 of the two-arm 
robot (FIG. 7), which makes it possible to reduce the robot 
installation area. 

NeXtly, the explanation is given to a comparison between 
a case of controlling folding directions of the joints and a 
case of not controlling it in the three-arm robot. In the case 
of not controlling the folding directions of the joints wherein 
the angle between the robot hand direction and third arm 4 
is smaller than 90 as shown in FIG. 10, when the robot hand 
5 moves straight in a forward direction from B' position 
which is at a distance of L2 from the rotational center A (the 
sum length of the first arm 2 and third arm 4 horizontally to 
the forward direction of the robot hand 5), in order that the 
distal end portion C of the Second arm 3 may not extend 
beyond the distal end portion B of the third arm 4, the robot 
hand 5 has to move straight for the length (L) of the second 
arm 3 or more. Consequently, the robot at least needs a 
Stroke of the length (L) as a movement area, which increases 
the robot installation area larger than the area in the case of 
employing the later-described joint control method. Besides, 
in this case, a position that is at a distance of L2 from the 
rotational center A is the maximum movement position. That 
is, the robot cannot move in an area beyond the distance L2. 

Compared with the above-mentioned case, in the case of 
controlling the joints So as to always make the angle between 
the forward direction of the robot hand 5 and the third arm 
4 maintain 90 or more, as shown in FIG. 11, when the robot 
hand 5 moves Straight in a forward direction from a position 
that is at a distance of L2 from the rotational center A (which 
is V3 times longer than the first arm 2 horizontally to the 
forward direction of the robot hand 5), the connecting part 
C between the first and second arms 2 and 3 (not the 
connecting part between the Second and third arms 3 and 4) 
has to position behind the connecting part B between the 
third arm 4 and robot hand 5. For this purpose, the robot 
hand 5 has to move straight for the length (11) of the first 
arm 2 or more from the B' position which is at a distance of 
L2 horizontally to the forward direction of the robot hand 
from the rotational center A. Thus, in the case of controlling 
the joints, the robot hand is required to move only for the 
distance of the length (11) of the first arm2, which is smaller 
than the length (L) of the second arm 3 in the above 
mentioned case of not controlling the joints, which makes it 
possible to decrease an arm movable area that makes no 
contribution toward conveying a wafer. 
As shown in FIG. 12, there are two folding directions of 

the robot joints: a +folding direction (shown by dashed 
lines) and a -folding direction (shown by solid lines) with 
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6 
respect to a line between a rotational center A of the robot 
arms and the distal end portion (a pivot of the robot hand 5) 
B of the third arm 4, wherein the angle between the forward 
direction of the robot hand 5 and the third arm 4 is assumed 
to be 0. FIG. 13 shows the minimum movement area from 
the rotational center A in the case of controlling the folding 
direction of the robot joints. AS shown in the figure, the arm 
movement is controlled such that the folding direction of the 
joints changes over between the +folding direction and 
-folding direction with respect to a line extending from the 
rotational center A in a forward direction of the hand 5, as 
a boundary between respectively J-side and K-side. This 
allows the required movement area to be contained in a 
stroke of the length (11) of the first arm2 from the rotational 
center A in the forward direction of the robot hand 5, which 
makes it possible to decrease the robot installation area. 

FIG. 14 shows a wafer conveyance method with control 
ling the joint direction, and FIG. 15 shows a wafer convey 
ance method in without controlling it. In the figure, each of 
arrows shows a moving direction of a connecting point of 
the robot hand and third arm. In FIG. 14, the length of the 
first arm is the stroke (11) from the robot rotational center A. 
In FIG. 15, the length of the second arm is the stroke (L) 
from the robot rotational center A. In this composition, the 
movable area of the arms is a rectangle indicated by dashed 
lines in FIGS. 14 and 15, wherein, since the first arm is 
Shorter than the Second arm, the robot installation area 
becomes Smaller in the case of controlling the joint direc 
tion. 

FIGS. 16 and 17 respectively show a method according to 
the present invention, and a conventional method for con 
veying a wafer from E-point to H-point. In the conventional 
method, joints always fold in a Same direction, as shown in 
FIG. 17. Compared with it, the method shown in FIG. 16 
wherein the folding direction of the joints changes over 
between J-Side and K-Side with respect to a line extending 
from the robot rotational center A in a forward direction of 
the robot hand, makes the pivot B of the robot hand pass 
over the robot rotational center A, and rotates the robot hand 
So as not to obstruct others. 

FIG. 18 shows movements for conveying the wafer W 
from P-point to E-point and from P-point to H-point with 
controlling the folding directions of the joints according to 
the present invention, and FIGS. 19(a) through 19(f) show 
detail movements of it. Referring to FIG. 19(a), first of all, 
the wafer is moved from P-point to Q-point in a straight line 
passing over the robot rotational center A. Next, as shown in 
FIG. 19(b), since the joint direction in E-point (FIG. 18) is 
reverse to that in Q-point, the arm is rotated So that the robot 
hand 5 comes on a line between the robot hand pivot which 
places the wafer in M-point (FIG. 18) and robot rotational 
center A, thereby moving the wafer to R-point. AS shown in 
FIG. 19(c), in order to reverse the joint direction, the wafer 
is moved from R-point to M-point in a Straight line passing 
over the robot rotational center A. At the same time, the 
robot hand is rotated 180. At the end, as shown in FIG. 
19(d), the wafer is moved from M-point to E-point in a 
Straight line. 
As to the movement from P-point to H-point, as shown in 

FIG. 19(a), the wafer is firstly moved from P-point to 
Q-point in a Straight line passing over the robot rotational 
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center A. Then, as shown in FIG. 19(e), since the joint 
direction in H-point (FIG. 18) is same as that in Q-point, the 
wafer is moved from Q-point to N-point in a Straight line. At 
the same time, the robot hand is rotated 180°. At the end, as 
shown in FIG. 19(f), the wafer is moved from N-point to 
H-point in a Straight line. 

Having described preferred embodiments of the invention 
with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments, and that various changes and modifications 
may be effected therein by one skilled in the art without 
departing from the Scope or Spirit of the invention as defined 
in the appended claims. For example, although the above 
embodiment shows the composition in which rotational 
driving means (arm extension motor 6, robot hand rotation 
motor 7, and arm rotation motor 8) for rotating the arms and 
robot hand are located in the base 1, and they transmit the 
rotational driving force to arms through pulleys, belts and So 
forth, not limited to this composition, a composition in 
which each of arms includes a rotational driving Source, can 
also be applied. 
What is claimed is: 
1. A horizontal multi-joint industrial robot comprising: 
a base member having a robot rotational center with 

respect to which a forward direction and a center line 
parallel thereto are defined; 

at least first, Second and third arms Sequentially attached 
from the base member, the first arm having a proximal 

1O 
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8 
end rotatably connected to Said base member at the 
robot rotational center and a distal end, the Second arm 
having a proximal end rotatably attached to Said distal 
end of Said first arm and a distal end, and Said third arm 
having a proximal end rotatably attached to Said distal 
end of Said Second arm and a distal end wherein each 
of Said first, Second and third arms has a first and 
Second folding States with respect the robot rotational 
Center, 

Said first and third arms being approximately equal in 
length and Said first and Second arms having a length 
ratio of 1:2; 

a robot hand connected to Said distal end of Said third arm; 
a rotational driving Source for rotating Said first, Second, 

and third arms and Said robot hand; 
control means for controlling Said first, Second and third 

arms and Said robot hand Such that: 
the robot hand moves with a robot hand direction 

parallel to the forward direction; 
rotational motions of the arms are controlled So that 

Said folding States are limited to produce an angle 
between the robot hand direction and the third arm of 
90 or more when the robot hand is moved in the 
forward direction to a destination; 

the folding States of Said first, Second, and third arms 
are alternated when Said robot hand moves pass the 
center line; and 

Said first and third arms are maintained parallel. 
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